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1 Escape analysis for Java™: Theory and practice 
Bruno Blanchet 

November 2003 ACM Transactions on Programming Languages and Systems 

(TOPLAS), Volume 25 Issue 6 
Publisher: ACM Press 

df(684 21 KB) Additiona ' information: full citation , abstract , references , citings , index 
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Full text available: 



Escape analysis is a static analysis that determines whether the lifetime of data may 
exceed its static scope.This paper first presents the design and correctness proof of an 
escape analysis for Java™. This analysis is interprocedural, context sensitive, and as flow- 
sensitive as the static single assignment form. So, assignments to object fields are 
analyzed in a flow-insensitive manner. Since Java is an imperative language, the effect of 
assignments must be precisely determined. Thi ... 

Keywords: Java, optimization, stack allocation, static analysis, synchronization 
elimination 
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Jong-Deok Choi, Manish Gupta, Mauricio J. Serrano, Vugranam C. Sreedhar, Samuel P. 
Midkiff 

November 2003 ACM Transactions on Programming Languages and Systems 

(TOPLAS), Volume 25 Issue 6 
Publisher: ACM Press 

Full text available: fi3 pdf(632.85 KB) Additional Information: full citation , abstract , references , citings, index 
^ ' terms, review 

This article presents an escape analysis framework for Java to determine (1) if an object is 
not reachable after its method of creation returns, allowing the object to be allocated on 
the stack, and (2) if an object is reachable only from a single thread during its lifetime, 
allowing unnecessary synchronization operations on that object to be removed. We 
introduce a new program abstraction for escape analysis, the connection graph, that is 
used to establish reachability relationshi ... 

Keywords: Connection graphs, escape analysis, points-to graph 
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Young Gil Park, Benjamin Goldberg 

July 1992 ACM SZGPLAN Notices , Proceedings of the ACM SIGPLAN 1992 conference 
on Programming language design and implementation PLDI '92, volume 27 
Issue 7 
Publisher: ACM Press 

Full text available* 13 pdf( 1 08 MB) Additional Information: full citation , abstract , references , citings , index 
^ terms 

Higher order functional programs constantly allocate objects dynamically. These objects 
are typically cons cells, closures, and records and are generally allocated in the heap and 
reclaimed later by some garbage collection process. This paper describes a compile time 
analysis, called escape analysis, for determining the lifetime of dynamically created 
objects in higher order functional programs, and describes optimizations that can be 
performed, based on the analysis, to improve storage all ... 

Escape analysis for Java 

Jong-Deok Choi, Manish Gupta, Mauricio Serrano, Vugranam C. Sreedhar, Sam Midkiff 
October 1999 ACM SIGPLAN Notices , Proceedings of the 14th ACM SIGPLAN 

conference on Object-oriented programming, systems, languages, and 
applications OOPSLA '99, volume 34 issue 10 
Publisher: ACM Press 

Full text available* fi3 pdf(1.85 MB) Additional Information: full citation , abstract , references , citings , index 

terms 

This paper presents a simple and efficient data flow algorithm for escape analysis of 
objects in Java programs to determine (i) if an object can be allocated on the stack; (ii) if 
an object is accessed only by a single thread during its lifetime, so that synchronization 
operations on that object can be removed. We introduce a new program abstraction for 
escape analysis, the connection graph, that is used to establish reachability relationships 
between objects and object ref ... 

5 Escape analysis for object-oriented languages: application to Java 
Bruno Blanchet 

October 1999 ACM SIGPLAN Notices , Proceedings of the 14th ACM SIGPLAN 

conference on Object-oriented programming, systems, languages, and 
applications OOPSLA '99, volume 34 issue 10 
Publisher: ACM Press 

Full text available* fjQpdf(1.73 MB) Additional Information: ful l citation , abstract , references , citings, index 
^ " terms 

Escape analysis [27, 14, 5] is a static analysis that determines whether the lifetime of data 
exceeds its static scope.The main originality of our escape analysis is that it determines 
precisely the effect of assignments, which is necessary to apply it to object oriented 
languages with promising results, whereas previous work [27, 14, 5] applied it to 
functional languages and were very imprecise on assignments. Our implementation 
analyses the full Java™ Language. ... 

Dynamic compilation techniques: Escape analysis in the context of dynamic 
compilation and deoptimization 
Thomas Kotzmann, Hanspeter Mossenbock 

June 2005 Proceedings of the 1st ACM/USENIX international conference on Virtual 
execution environments 

Publisher: ACM Press 

Full text available: * g] pdf(203.40 KB) Additional Information: full citation , abstract , references , index terms 

In object-oriented programming languages, an object is said to escape the method or 
thread in which it was created if it can also be accessed by other methods or threads. 
Knowing which objects do not escape allows a compiler to perform aggressive 
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optimizations.This paper presents a new intraprocedural and interprocedural algorithm for 
escape analysis in the context of dynamic compilation where the compiler has to cope with 
dynamic class loading and deoptimization. It was implemented for S ... 

Keywords: Java, deoptimization, escape analysis, just-in-time compilation, optimization, 
scalar replacement, stack allocation, synchronization removal 



7 



Compositional pointer and escape analysis for Java programs 
John Whaley, Martin Rinard 

October 1999 ACM SIGPLAN Notices , Proceedings of the 14th ACM SIGPLAN 

conference on Object-oriented programming, systems, languages, and 
applications OOPSLA '99, volume 34 issue 10 

Publisher: ACM Press 

Full text available: fiB pdf(2 .42 MB). Additional Information: full citatio _p, abstract, references, cjtjngs, index 
. . • terms 

This paper presents a combined pointer and escape analysis algorithm for Java programs. 
The algorithm is based on the abstraction of points-to escape graphs, which characterize 
how local variables and fields in objects refer to other objects. Each points-to escape 
graph also contains escape information, which characterizes how objects allocated in one 
region of the program can escape to be accessed by another region. The algorithm is 
designed to analyze arbitrary regions of complete or inco ... 

R eference escape analysis: optimizing reference countin g based on the lifetime of 
references 

Young Gil Park, Benjamin Goldberg 

May 1991 ACM SIGPLAN Notices , Proceedings of the 1991 ACM SIGPLAN symposium 
on Partial evaluation and semantics-based program manipulation PEPM 

'91, Volume 26 Issue 9 
Publisher: ACM Press 

Full text available: ^ pdf(1.06 MB) Additional Information: full citation , references , citings, in dex terms 



Pointer and es cape analysis for multithreaded pro g rams 
Alexandru Salcianu, Martin Rinard 

June 2001 ACM SIGPLAN Notices , Proceedings of the eighth ACM SIGPLAN 

symposium on Principles and practices of parallel programming PPoPP 

'01, Volume 36 Issue 7 
Publisher: ACM Press 

Full text available* fifl pdf(318 11 KB) Additional Information: full citation , abstract , references , citings , index 

terms 

This paper presents a new combined pointer and escape analysis for multithreaded 
programs. The algorithm uses a new abstraction called parallel interaction graphs to 
analyze the interactions between threads and extract precise points-to, escape, and action 
ordering information for objects accessed by multiple threads. The analysis is 
compositional, analyzing each method or thread once to extract a parameterized analysis 
result that can be specialized for use in any context. ... 

10 Escape analysis: correctness proof, implementation and experimental results 
Bruno Blanchet 

January 1998 Proceedings of the 25th ACM SIGPLAN-SIGACT symposium on 
Principles of programming languages 

Publisher: ACM Press 

Full text available: l fg pdf(1.68 MB) Additional Information: full citation , references , citings , index terms 
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11 Increment alized pointer and escape analysis 
Frederic Vivien, Martin Rinard 

May 2001 ACM SIGPLAN Notices , Proceedings of the ACM SIGPLAN 2001 conference 
on Programming language design and implementation PLDI '01, volume 36 

Issue 5 

Publisher: ACM Press 

Full text available* 1j3 pdf (1 55 MB) Additional Information: full citation , abstract , references , citings , index 

terms 

We present a new pointer and escape analysis. Instead of analyzing the whole program, 
the algorithm incrementally analyzes only those parts of the program that may deliver 
useful results. An analysis policy monitors the analysis results to direct the incremental 
investment of analysis resources to those parts of the program that offer the highest 
expected optimization return. 

Our experimental results show that almost all of the objects are allocated at a small 
number of allocation sit ... 

12 Access control analysis: Data-centric security: role analysis and role typestates 
Vugranam C. Sreedhar 

June 2006 Proceedings of the eleventh ACM symposium on Access control models 
and technologies SACMAT '06 

Publisher: ACM Press 

Full text available: ^ pdf(270.98 KB ) Additional Information: full citation , abstract , references , index terms 

In J2EE and .NET roles are assigned to methods using external configuration files, called 
the deployment descriptors. Assigning roles to methods, although conceptually simple, in 
practice it is quite complicated. For instance, in order for a deployer to assign a role r to a 
method m, the deployer must understand the set of roles R that are assigned to each 
method n that can be invoked directly or indirectly from m, and that r has to be 
"consistently" ass ... 

Keywords: RBAC, role analysis, role escape analysis, role typestates 



13 OMEN: A strate gy for testing object-oriented software 
Amie L. Souter, Lori L. Pollock 

August 2000 ACM SIGSOFT Software Engineering Notes , Proceedings of the 2000 

ACM SIGSOFT international symposium on Software testing and analysis 
ISSTA '00, Volume 25 Issue 5 
Publisher: ACM Press 

Full text available* fi3 Ddf(329 36 KB) Addit ' onal Information: full citation, abstract , references , citings , index 
. ■ terms 

This paper presents a strategy for structural testing of object-oriented software systems 
with possibly unknown clients and unknown information about invoked methods. By 
exploiting the combined points-to and escape analysis developed for compiler 
optimization, our testing paradigm does not require a whole program representation to be 
in memory simultaneously for testing analysis. Potential effects from outside the 
component under test are easily identified and reported to the tester. As c ... 
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In general, the hardware memory consistency model in a multiprocessor system is not 
identical to the memory model at the programming language level. Consequently, the 
programming language memory model must be mapped onto the hardware memory 
model. Memory fence instructions can be inserted by the compiler where needed to 
accomplish this mapping. We have developed and implemented several fence insertion and 
optimization algorithms in our Pensieve compiler project. We present the different fence 
in ... 

Keywords: Java, compilers, consistency models 
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We present a new limited form of interprocedural analysis called field analysis that can be 
used by a compiler to reduce the costs of modern language features such as object- 
oriented programming, automatic memory management, and run-time checks required for 
type safety. Unlike many previous interprocedural analyses, our analysis is cheap, and 
does not require access to the entire program. Field analysis exploits the declared access 
restrictions placed on fields in a modul ... 

16 Partial method compilation using dynamic profile information 
John Whaley 

October 2001 ACM SIGPLAN Notices , Proceedings of the 16th ACM SIGPLAN 
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The traditional tradeoff when performing dynamic compilation is that of fast compilation 
time versus fast code performance. Most dynamic compilation systems for Java perform 
selective compilation and/or optimization at a method granularity. This is the not the 
optimal granularity level. However, compiling at a sub-method granularity is thought to be 
too complicated to be practical. This paper describes a straightforward technique for 
performing compilation and optimizations at a finer, sub-metho ... 
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^ energy o ptimization 

^ G. Chen, N. Vijaykrishnan, M. Kandemir, M. J. Irwin, M. Wolczko 
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The focus of this work is on utilizing the state of objects during their lifespan in optimizing 
the leakage energy consumed in the data caches when executing embedded Java 
applications. Our analysis reveals that a major portion of the leakage energy is actually 
wasted in retaining the objects beyond their last use. In order to eliminate this wastage, 
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we investigate three approaches that use the garbage collector, escape analysis and last 
use analysis for reducing leakage energy. Finally, we trac ... 
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Method inlining and data flow analysis are two major optimization components for effective 
program transformations, however they often suffer from the existence of rarely or never 
executed code contained in the target method. One major problem lies in the assumption 
that the compilation unit is partitioned at method boundaries. This paper describes the 
design and implementation of a region-based compilation technique in our dynamic 
compilation system, in which the compiled regions are selected a ... 

Keywords: dynamic compilers, on-stack replacement, partial inlining, region-based 
compilation 
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This paper presents the first scalable context-sensitive, inclusion-based pointer alias 
analysis for Java programs. Our approach to context sensitivity is to create a clone of a 
method for every context of interest, and run a context-insensitive algorithm over the 
expanded call graph to get context-sensitive results. For precision, we generate a clone for 
every acyclic path through a program's call graph, treating methods in a strongly 
connected component as a single node. Normally ... 

Keywords: Datalog, Java, binary decision diagrams, cloning, context-sensitive, inclusion- 
based, logic programming, pointer analysis, program analysis, scalable 
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We present a new technique for removing unnecessary synchronization operations from 
statically compiled Java programs. Our approach improves upon current efforts based on 
escape analysis, as it can eliminate synchronization operations even on objects that 
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representation that eliminates the need for fixed point operations during the analysis. We 
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November 2000 Proceedings of the 2000 conference of the Centre for Advanced 
Studies on Collaborative research 

Publisher: IBM Press 
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This paper introduces techniques to detect mutability of fields and classes in Java. A 
variable is considered to be mutable if a new value is stored into it, as well as if any of its 
reachable variables is mutable. We present a static flow-sensitive analysis algorithm which 
can be applied to any Java component. The analysis classifies fields and classes as either 
mutable or immutable. In order to facilitate openworld analysis, the algorithm identifies 
situations that expose variables to potentia ... 

Ownership, encapsulation and the disjointness of type and effect 
Dave Clarke, Sophia Drossopoulou 

November 2002 ACM SIGPLAN Notices , Proceedings of the 17th ACM SIGPLAN 

conference on Object-oriented programming, systems, languages, 
and applications OOPSLA '02, volume 37 issue n 

Publisher: ACM Press 

Full text available: 111 pdf(475.72 KB) Additional Information: M. citation, abstract , references , citings, index 
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Ownership types provide a statically enforceable notion of object-level encapsulation. We 
extend ownership types with computational effects to support reasoning about object- 
oriented programs. The ensuing system provides both access control and effects reporting. 
Based on this type system, we codify two formal systems for reasoning about aliasing and 
the disjointness of computational effects. The first can be used to prove that evaluation of 
two expressions will never lead to aliases, while the ... 
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Escape analysis is a static analysis that determines whether the lifetime of data may 
exceed its static scope.This paper first presents the design and correctness proof of an 
escape analysis for Java™. This analysis is interprocedural, context sensitive, and as flow- 
sensitive as the static single assignment form. So, assignments to object fields are 
analyzed in a flow-insensitive manner. Since Java is an imperative language, the effect of 
assignments must be precisely determined. Thi ... 

Keywords: Java, optimization, stack allocation, static analysis, synchronization 
elimination 



4 Stack allocation and synchronization optimizations for Java using escape analysis Q 
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This article presents an escape analysis framework for Java to determine (1) if an object is 
not reachable after its method of creation returns, allowing the object to be allocated on 
the stack, and (2) if an object is reachable only from a single thread during its lifetime, 
allowing unnecessary synchronization operations on that object to be removed. We 
introduce a new program abstraction for escape analysis, the connection graph, that is 
used to establish reachability relationshi ... 

Keywords: Connection graphs, escape analysis, points-to graph 
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Higher order functional programs constantly allocate objects dynamically. These objects 
are typically cons cells, closures, and records and are generally allocated in the heap and 
reclaimed later by some garbage collection process. This paper describes a compile time 
analysis, called escape analysis, for determining the lifetime of dynamically created 
objects in higher order functional programs, and describes optimizations that can be 
performed, based on the analysis, to improve storage all ... 

Escape analysis for Java 

Jong-Deok Choi, Manish Gupta, Mauricio Serrano, Vugranam C. Sreedhar, Sam Midkiff 
October 1999 ACM SIGPLAN Notices , Proceedings of the 14th ACM SIGPLAN 
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applications OOPSLA '99, volume 34 issue 10 
Publisher: ACM Press 

Full text available: fi3 pdf (1 85 MB) Additional Information: full citation , abstract , references , citings , index 
l£j terms 



http ://portal.acm.org/resultsxto?coll=ACM&dl=ACM&CFID= 11717 1 3&CFTOKEN=4 139... 7/1 0/06 



' Results (page 1): "escape analysis" "open- world" 



Page 3 of 6 



This paper presents a simple and efficient data flow algorithm for escape analysis of 
objects in Java programs to determine (i) if an object can be allocated on the stack; (ii) if 
an object is accessed only by a single thread during its lifetime, so that synchronization 
operations on that object can be removed. We introduce a new program abstraction for 
escape analysis, the connection graph, that is used to establish reachability relationships 
between objects and object ref ... 

Escape analysis for object-oriented langua g es: a p plication to Java 




Bruno Blanchet 

October 1999 ACM SIGPLAN Notices , Proceedings of the 14th ACM SIGPLAN 



conference on Object-oriented programming, systems, languages, and 
applications OOPSLA '99, volume 34 issue 10 
Publisher: ACM Press 

Full text available:1 Spdff1.73MB) Additional Information: full citation, abstract, references , citings, index 

Escape analysis [27, 14, 5] is a static analysis that determines whether the lifetime of data 
exceeds its static scope.The main originality of our escape analysis is that it determines 
precisely the effect of assignments, which is necessary to apply it to object oriented 
languages with promising results, whereas previous work [27, 14, 5] applied it to 
functional languages and were very imprecise on assignments. Our implementation 
analyses the full Java™ Language. ... 
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June 2005 Proceedings of the 1st ACM/USENIX international conference on Virtual 
execution environments 

Publisher: ACM Press 
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In object-oriented programming languages, an object is said to escape the method or 
thread in which it was created if it can also be accessed by other methods or threads. 
Knowing which objects do not escape allows a compiler to perform aggressive 
optimizations.This paper presents a new intraprocedural and interprocedural algorithm for 
escape analysis in the context of dynamic compilation where the compiler has to cope with 
dynamic class loading and deoptimization. It was implemented for S ... 

Keywords: Java, deoptimization, escape analysis, just-in-time compilation, optimization, 
scalar replacement, stack allocation, synchronization removal 
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This paper presents a combined pointer and escape analysis algorithm for Java programs. 
The algorithm is based on the abstraction of points-to escape graphs, which characterize 
how local variables and fields in objects refer to other objects. Each points-to escape 
graph also contains escape information, which characterizes how objects allocated in one 
region of the program can escape to be accessed by another region. The algorithm is 
designed to analyze arbitrary regions of complete or inco ... 
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This paper presents a new combined pointer and escape analysis for multithreaded 
programs. The algorithm uses a new abstraction called parallel interaction graphs to 
analyze the interactions between threads and extract precise points-to, escape, and action 
ordering information for objects accessed by multiple threads. The analysis is 
compositional, analyzing each method or thread once to extract a parameterized analysis 
result that can be specialized for use in any context. ... 

12 Esca pe analysis: correctness proof , implementation and experimental results 
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Principles of programming languages 
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Hyperlinks are an essential feature of the World Wide Web, highly responsible for its 
success. XLink improves on HTML's linking capabilities in several ways. In particular, links 
after XLink can be "out-of-line" (i.e., not defined at a link source) and collected in 
(possibly several) linkbases, which considerably ease building complex link 
structures. Regarding its architecture as a distributed and open system, the Web differs 
significantly from traditional hypermedia systems. Modeling of link st ... 
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We present a new pointer and escape analysis. Instead of analyzing the whole program, 
the algorithm incrementally analyzes only those parts of the program that may deliver 
useful results. An analysis policy monitors the analysis results to direct the incremental 
investment of analysis resources to those parts of the program that offer the highest 
expected optimization return. 

Our experimental results show that almost all of the objects are allocated at a small 
number of allocation sit ... 
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In J2EE and .NET roles are assigned to methods using external configuration files, called 
the deployment descriptors. Assigning roles to methods, although conceptually simple, in 
practice it is quite complicated. For instance, in order for a deployer to assign a role r to a 
method m, the deployer must understand the set of roles R that are assigned to each 
method n that can be invoked directly or indirectly from m, and that r has to be 
"consistently" ass ... 
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This paper presents a strategy for structural testing of object-oriented software systems 
with possibly unknown clients and unknown information about invoked methods. By 
exploiting the combined points-to and escape analysis developed for compiler 
optimization, our testing paradigm does not require a whole program representation to be 
in memory simultaneously for testing analysis. Potential effects from outside the 
component under test are easily identified and reported to the tester. As c ... 
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In general, the hardware memory consistency model in a multiprocessor system is not 
identical to the memory model at the programming language level. Consequently, the 
programming language memory model must be mapped onto the hardware memory 
model. Memory fence instructions can be inserted by the compiler where needed to 
accomplish this mapping. We have developed and implemented several fence insertion and 
optimization algorithms in our Pensieve compiler project. We present the different fence 
in ... 
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We present a new limited form of interprocedural analysis called field analysis that can be 
used by a compiler to reduce the costs of modern language features such as object- 
oriented programming, automatic memory management, and run-time checks required for 
type safety. Unlike many previous interprocedural analyses, our analysis is cheap, and 
does not require access to the entire program. Field analysis exploits the declared access 
restrictions placed on fields in a modul ... 
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The traditional tradeoff when performing dynamic compilation is that of fast compilation 
time versus fast code performance. Most dynamic compilation systems for Java perform 
selective compilation and/or optimization at a method granularity. This is the not the 
optimal granularity level. However, compiling at a sub-method granularity is thought to be 
too complicated to be practical. This paper describes a straightforward technique for 
performing compilation and optimizations at a finer, sub-metho ... 
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Described is a method for syntactic error recovery that is compatible with deterministic 
parsing methods and that is able to recover from many errors more quickly than do other 
schemes because it performs global context recovery. The method relies on fiducial 
symbols, which are typically reserved key words of a language, to provide mileposts for 
error recovery. The method has been applied to LL(1) parsers, for which a detailed 
algorithm is given, and informally proved correct. The algorithm ... 
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Escape analysis is a static analysis that determines whether the lifetime of data may 
exceed its static scope.This paper first presents the design and correctness proof of an 
escape analysis for Java™. This analysis is interprocedural, context sensitive, and as flow- 
sensitive as the static single assignment form. So, assignments to object fields are 
analyzed in a flow-insensitive manner. Since Java is an imperative language, the effect of 
assignments must be precisely determined. Thi ... 
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This article presents an escape analysis framework for Java to determine (1) if an object is 
not reachable after its method of creation returns, allowing the object to be allocated on 
the stack, and (2) if an object is reachable only from a single thread during its lifetime, 
allowing unnecessary synchronization operations on that object to be removed. We 
introduce a new program abstraction for escape analysis, the connection graph, that is 
used to establish reachability relationshi ... 
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Higher order functional programs constantly allocate objects dynamically. These objects 
are typically cons cells, closures, and records and are generally allocated in the heap and 
reclaimed later by some garbage collection process. This paper describes a compile time 
analysis, called escape analysis, for determining the lifetime of dynamically created 
objects in higher order functional programs, and describes optimizations that can be 
performed, based on the analysis, to improve storage all ... 
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This paper presents a simple and efficient data flow algorithm for escape analysis of 
objects in Java programs to determine (i) if an object can be allocated on the stack; (ii) if 
an object is accessed only by a single thread during its lifetime, so that synchronization 
operations on that object can be removed. We introduce a new program abstraction for 
escape analysis, the connection graph, that is used to establish reachability relationships 
between objects and object ref ... 

Esca pe analysis for object-oriented languages: application to Java 
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terms 

Escape analysis [27, 14, 5] is a static analysis that determines whether the lifetime of data 
exceeds its static scope.The main originality of our escape analysis is that it determines 
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precisely the effect of assignments, which is necessary to apply it to object oriented 
languages with promising results, whereas previous work [27, 14, 5] applied it to 
functional languages and were very imprecise on assignments. Our implementation 
analyses the full Java™ Language. ... 

Dynamic compilation techniques: Escape analysis in the context of dynamic Q 
compilation and deoptimization 
Thomas Kotzmann, Hanspeter Mossenbock 
June 2005 Proceedings of the 1st ACM/USENIX international conference on Virtual 

execution environments 
Publisher: ACM Press 

Full text available: ^ pdf(203.40 KB) Additional Information: full citation , abstract , references , index terms 

In object-oriented programming languages, an object is said to escape the method or 
thread in which it was created if it can also be accessed by other methods or threads. 
Knowing which objects do not escape allows a compiler to perform aggressive 
optimizations.This paper presents a new intra procedural and interprocedural algorithm for 
escape analysis in the context of dynamic compilation where the compiler has to cope with 
dynamic class loading and deoptimization. It was implemented for S ... 

Keywords: Java, deoptimization, escape analysis, just-in-time compilation, optimization, 
scalar replacement, stack allocation, synchronization removal 
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This paper presents a combined pointer and escape analysis algorithm for Java programs. 
The algorithm is based on the abstraction of points-to escape graphs, which characterize 
how local variables and fields in objects refer to other objects. Each points-to escape 
graph also contains escape information, which characterizes how objects allocated in one 
region of the program can escape to be accessed by another region. The algorithm is 
designed to analyze arbitrary regions of complete or inco ... 

9 Reference escape analysis: optimizing reference counting based on the lifetime of Q 
reference s 
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This paper presents a new combined pointer and escape analysis for multithreaded 
programs. The algorithm uses a new abstraction called parallel interaction graphs to 
analyze the interactions between threads and extract precise points-to, escape, and action 
ordering information for objects accessed by multiple threads. The analysis is 
compositional, analyzing each method or thread once to extract a parameterized analysis 
result that can be specialized for use in any context. ... 

11 Escape analysis: correctness proof, implementation and experimental results I I 

Bruno Blanchet 

January 1998 Proceedings of the 25th ACM SIGPLAN-SIGACT symposium on 
Principles of programming languages 

Publisher: ACM Press 

Full text available: ^Ddf(1.68 MB) Additional Information: full citation , references , citings, index terms 



12 



Incrementaiized pointer and escape analysis I I 

Frederic Vivien, Martin Rinard 

May 2001 ACM SIGPLAN Notices , Proceedings of the ACM SIGPLAIM 2001 conference 
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We present a new pointer and escape analysis. Instead of analyzing the whole program, 
the algorithm incrementally analyzes only those parts of the program that may deliver 
useful results. An analysis policy monitors the analysis results to direct the incremental 
investment of analysis resources to those parts of the program that offer the highest 
expected optimization return. 

Our experimental results show that almost all of the objects are allocated at a small 
number of allocation sit ... 

13 Access co ntrol analysis: Data-ce n tric security: role analysis and role t y pestates I I 
Vugranam C. Sreedhar 

June 2006 Proceedings of the eleventh ACM symposium on Access control models 
and technologies SACMAT '06 

Publisher: ACM Press 

Full text available: ^gpdf(27 0.98 KB ) Additional Information: full citation , abstract , references , in dex terms 

In J2EE and .NET roles are assigned to methods using external configuration files, called 
the deployment descriptors. Assigning roles to methods, although conceptually simple, in 
practice it is quite complicated. For instance, in order for a deployer to assign a role r to a 
method m, the deployer must understand the set of roles R that are assigned to each 
method n that can be invoked directly or indirectly from m, and that r has to be 
"consistently" ass ... 

Keywords: RBAC, role analysis, role escape analysis, role typestates 
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This paper presents a strategy for structural testing of object-oriented software systems 
with possibly unknown clients and unknown information about invoked methods. By 
exploiting the combined points-to and escape analysis developed for compiler 
optimization, our testing paradigm does not require a whole program representation to be 
in memory simultaneously for testing analysis. Potential effects from outside the 
component under test are easily identified and reported to the tester. As c ... 

15 Parallel architectures: Automatic fence insertion for shared memory multi processing I I 
Xing Fang, Jaejin Lee, Samuel P. Midkiff 

June 2003 Proceedings of the 17th annual international conference on 
Supercomputing 

Publisher: ACM Press 

Full text available: |g pdf(327.89 KB ) Additional Information: full citation , abstract, references , index terms 

In general, the hardware memory consistency model in a multiprocessor system is not 
identical to the memory model at the programming language level. Consequently, the 
programming language memory model must be mapped onto the hardware memory 
model. Memory fence instructions can be inserted by the compiler where needed to 
accomplish this mapping. We have developed and implemented several fence insertion and 
optimization algorithms in our Pensieve compiler project. We present the different fence 
in ... 

Keywords: Java, compilers, consistency models 
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We present a new limited form of interprocedural analysis called field analysis that can be 
used by a compiler to reduce the costs of modern language features such as object- 
oriented programming, automatic memory management, and run-time checks required for 
type safety. Unlike many previous interprocedural analyses, our analysis is cheap, and 
does not require access to the entire program. Field analysis exploits the declared access 
restrictions placed on fields in a modul ... 
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The traditional tradeoff when performing dynamic compilation is that of fast compilation 
time versus fast code performance. Most dynamic compilation systems for Java perform 
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selective compilation and/or optimization at a method granularity. This is the not the 
optimal granularity level. However, compiling at a sub-method granularity is thought to be 
too complicated to be practical. This paper describes a straightforward technique for 
performing compilation and optimizations at a finer, sub-metho ... 

18 Compiler optimizations for power performance: Tracking object life cycle for leaka ge Q 
energy optimization 
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The focus of this work is on utilizing the state of objects during their lifespan in optimizing 
the leakage energy consumed in the data caches when executing embedded Java 
applications. Our analysis reveals that a major portion of the leakage energy is actually 
wasted in retaining the objects beyond their last use. In order to eliminate this wastage, 
we investigate three approaches that use the garbage collector, escape analysis and last 
use analysis for reducing leakage energy. Finally, we trac ... 

Keywords: Java, cache, leakage energy 




19 A region-based compilation technique for a Java just-in-time comp iler 
Toshio Suganuma, Toshiaki Yasue, Toshio Nakatani 

May 2003 ACM SIGPLAN Notices , Proceedings of the ACM SIGPLAN 2003 conference 
on Programming language design and implementation PLDI '03, volume 38 

Issue 5 
Publisher: ACM Press 

Full text available: f BpdfM 58.62 KB) Addit ' onal Information: full citation, abstract, references, citings, index 

terms 

Method inlining and data flow analysis are two major optimization components for effective 
program transformations, however they often suffer from the existence of rarely or never 
executed code contained in the target method. One major problem lies in the assumption 
that the compilation unit is partitioned at method boundaries. This paper describes the 
design and implementation of a region-based compilation technique in our dynamic 
compilation system, in which the compiled regions are selected a ... 

Keywords: dynamic compilers, on-stack replacement, partial inlining, region-based 
compilation 
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This paper presents the first scalable context-sensitive, inclusion-based pointer alias 
analysis for Java programs. Our approach to context sensitivity is to create a clone of a 
method for every context of interest, and run a context-insensitive algorithm over the 
expanded call graph to get context-sensitive results. For precision, we generate a clone for 
every acyclic path through a program's call graph, treating methods in a strongly 
connected component as a single node. Normally ... 
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Escape analysis is a static analysis that determines whether the lifetime of data may 
exceed its static scope.This paper first presents the design and correctness proof of an 
escape analysis for Java™. This analysis is interprocedural, context sensitive, and as flow- 
sensitive as the static single assignment form. So, assignments to object fields are 
analyzed in a flow-insensitive manner. Since Java is an imperative language, the effect of 
assignments must be precisely determined. Thi ... 

Keywords: Java, optimization, stack allocation, static analysis, synchronization 
elimination 



2 Stack allocation and synchronization optimizations for Java usin g escape analysis 
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This article presents an escape analysis framework for Java to determine (1) if an object is 
not reachable after its method of creation returns, allowing the object to be allocated on 
the stack, and (2) if an object is reachable only from a single thread during its lifetime, 
allowing unnecessary synchronization operations on that object to be removed. We 
introduce a new program abstraction for escape analysis, the connection graph, that is 
used to establish reachability relationshi ... 

Keywords: Connection graphs, escape analysis, points-to graph 
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Higher order functional programs constantly allocate objects dynamically. These objects 
are typically cons cells, closures, and records and are generally allocated in the heap and 
reclaimed later by some garbage collection process. This paper describes a compile time 
analysis, called escape analysis, for determining the lifetime of dynamically created 
objects in higher order functional programs, and describes optimizations that can be 
performed, based on the analysis, to improve storage all ... 
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This paper presents a simple and efficient data flow algorithm for escape analysis of 
objects in Java programs to determine (i) if an object can be allocated on the stack; (ii) if 
an object is accessed only by a single thread during its lifetime, so that synchronization 
operations on that object can be removed. We introduce a new program abstraction for 
escape analysis, the connection graph, that is used to establish reachability relationships 
between objects and object ref ... 
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terms 

Escape analysis [27, 14, 5] is a static analysis that determines whether the lifetime of data 
exceeds its static scope.The main originality of our escape analysis is that it determines 
precisely the effect of assignments, which is necessary to apply it to object oriented 
languages with promising results, whereas previous work [27, 14, 5] applied it to 
functional languages and were very imprecise on assignments. Our implementation 
analyses the full Java™ Language. ... 
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compilation and deoptimization 
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In object-oriented programming languages, an object is said to escape the method or 
thread in which it was created if it can also be accessed by other methods or threads. 
Knowing which objects do not escape allows a compiler to perform aggressive 
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optimizations. This paper presents a new intraprocedural and interprocedural algorithm for 
escape analysis in the context of dynamic compilation where the compiler has to cope with 
dynamic class loading and deoptimization. It was implemented for S ... 

Keywords: Java, deoptimization, escape analysis, just-in-time compilation, optimization, 
scalar replacement, stack allocation, synchronization removal 
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This paper presents a combined pointer and escape analysis algorithm for Java programs. 
The algorithm is based on the abstraction of points-to escape graphs, which characterize 
how local variables and fields in objects refer to other objects. Each points-to escape 
graph also contains escape information, which characterizes how objects allocated in one 
region of the program can escape to be accessed by another region. The algorithm is 
designed to analyze arbitrary regions of complete or inco ... 

Reference escape analysis: optimizin g reference countin g based on the lifetime of 
references 
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This paper presents a new combined pointer and escape analysis for multithreaded 
programs. The algorithm uses a new abstraction called parallel interaction graphs to 
analyze the interactions between threads and extract precise points-to, escape, and action 
ordering information for objects accessed by multiple threads. The analysis is 
compositional, analyzing each method or thread once to extract a parameterized analysis 
result that can be specialized for use in any context. ... 
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We present a new pointer and escape analysis. Instead of analyzing the whole program, 
the algorithm incrementally analyzes only those parts of the program that may deliver 
useful results. An analysis policy monitors the analysis results to direct the incremental 
investment of analysis resources to those parts of the program that offer the highest 
expected optimization return. 

Our experimental results show that almost all of the objects are allocated at a small 
number of allocation sit ... 
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In J2EE and .NET roles are assigned to methods using external configuration files, called 
the deployment descriptors. Assigning roles to methods, although conceptually simple, in 
practice it is quite complicated. For instance, in order for a deployer to assign a role r to a 
method m, the deployer must understand the set of roles R that are assigned to each 
method n that can be invoked directly or indirectly from m, and that r has to be 
"consistently" ass ... 
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This paper presents a strategy for structural testing of object-oriented software systems 
with possibly unknown clients and unknown information about invoked methods. By 
exploiting the combined points-to and escape analysis developed for compiler 
optimization, our testing paradigm does not require a whole program representation to be 
in memory simultaneously for testing analysis. Potential effects from outside the 
component under test are easily identified and reported to the tester. As c ... 
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In general, the hardware memory consistency model in a multiprocessor system is not 
identical to the memory model at the programming language level. Consequently, the 
programming language memory model must be mapped onto the hardware memory 
model. Memory fence instructions can be inserted by the compiler where needed to 
accomplish this mapping. We have developed and implemented several fence insertion and 
optimization algorithms in our Pensieve compiler project. We present the different fence 
in ... 
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We present a new limited form of interprocedural analysis called field analysis that can be 
used by a compiler to reduce the costs of modern language features such as object- 
oriented programming, automatic memory management, and run-time checks required for 
type safety. Unlike many previous interprocedural analyses, our analysis is cheap, and 
does not require access to the entire program. Field analysis exploits the declared access 
restrictions placed on fields in a modul ... 
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The traditional tradeoff when performing dynamic compilation is that of fast compilation 
time versus fast code performance. Most dynamic compilation systems for Java perform 
selective compilation and/or optimization at a method granularity. This is the not the 
optimal granularity level. However, compiling at a sub-method granularity is thought to be 
too complicated to be practical. This paper describes a straightforward technique for 
performing compilation and optimizations at a finer, sub-metho ... 
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The focus of this work is on utilizing the state of objects during their lifespan in optimizing 
the leakage energy consumed in the data caches when executing embedded Java 
applications. Our analysis reveals that a major portion of the leakage energy is actually 
wasted in retaining the objects beyond their last use. In order to eliminate this wastage, 
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we investigate three approaches that use the garbage collector, escape analysis and last 
use analysis for reducing leakage energy. Finally, we trac ... 
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Method inlining and data flow analysis are two major optimization components for effective 
program transformations, however they often suffer from the existence of rarely or never 
executed code contained in the target method. One major problem lies in the assumption 
that the compilation unit is partitioned at method boundaries. This paper describes the 
design and implementation of a region-based compilation technique in our dynamic 
compilation system, in which the compiled regions are selected a ... 

Keywords: dynamic compilers, on-stack replacement, partial inlining, region-based 
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This paper presents the first scalable context-sensitive, inclusion-based pointer alias 
analysis for Java programs. Our approach to context sensitivity is to create a clone of a 
method for every context of interest, and run a context-insensitive algorithm over the 
expanded call graph to get context-sensitive results. For precision, we generate a clone for 
every acyclic path through a program's call graph, treating methods in a strongly 
connected component as a single node. Normally ... 

Keywords: Datalog, Java, binary decision diagrams, cloning, context-sensitive, inclusion- 
based, logic programming, pointer analysis, program analysis, scalable 
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We present a new technique for removing unnecessary synchronization operations from 
statically compiled Java programs. Our approach improves upon current efforts based on 
escape analysis, as it can eliminate synchronization operations even on objects that 
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escape their allocating threads. It makes use of a compact, equivalence-class-based 
representation that eliminates the need for fixed point operations during the analysis. We 
describe and evaluate the performance of an implemen ... 
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